The low-productivity South Pacific Gyre (SPG) is Earth's largest oceanic province. Its sediment accumulates extraordinarily slowly (0.1-1 m per million years). This sediment contains a living community that is characterized by very low biomass and very low metabolic activity. At every depth in cored SPG sediment, mean cell abundances are 3 to 4 orders of magnitude lower than at the same depths in all previously explored subseafloor communities. The net rate of respiration by the subseafloor sedimentary community at each SPG site is 1 to 3 orders of magnitude lower than the rates at previously explored sites. Because of the low respiration rates and the thinness of the sediment, interstitial waters are oxic throughout the sediment column in most of this region. Consequently, the sedimentary community of the SPG is predominantly aerobic, unlike previously explored subseafloor communities. Generation of H 2 by radiolysis of water is a significant electron-donor source for this community. The per-cell respiration rates of this community are about 2 orders of magnitude higher (in oxidation/reduction equivalents) than in previously explored anaerobic subseafloor communities. Respiration rates and cell concentrations in subseafloor sediment throughout almost half of the world ocean may approach those in SPG sediment.
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aerobic ͉ biomass ͉ oxic ͉ radiolysis ͉ respiration L ife is previously unknown in the subseafloor sediment of the vast low-productivity regions that dominate the open ocean. Past studies have focused on sites relatively close to shore and beneath major upwelling zones (1) (2) (3) (4) (Fig. 1) , where biological productivity and organic flux to the seafloor are generally high (5) . Their subseafloor [greater than 1.5 m below seafloor (mbsf)] sedimentary communities contain abundant living microbes (6) (7) (8) (9) . These communities (10, 11) and their metabolic activities (3, 12) are diverse. Their activities are dominated by fermentation, sulfate reduction, and methanogenesis (13) . Their principal food source is buried organic matter from the surface world (3) . The environmental properties of these previously sampled sites differ greatly from environmental properties throughout most of the open ocean, where oceanic productivity and organic flux to the seafloor are very low (5) .
To understand the extent and nature of subseafloor life in the low-productivity heart of the ocean, expedition Knox-02RR surveyed and cored the sediment at 10 sites throughout the South Pacific Gyre (SPG) and at 1 site at its southern margin (Fig. 1) . The central SPG has been described as Earth's largest oceanic desert (14) . The middle of the gyre is farther from continents and productive oceanic regions than any other site on Earth. It contains the clearest seawater in the world (15) . Its organic flux to the seafloor is extremely low (5) . The area of its low-chlorophyll [Յ0.14 mg of chlorophyll-a/m 3 (chl-a/m 3 )] region (5.2 ϫ 10 7 km 2 ) is more than twice the area of North America (equal to Ϸ19,000 Rhode Islands) (Fig. 1) . Its subseafloor ecosystem has never before been explored.
Results
Sedimentation and Organic Burial. The cored sediment ranged in age from 0 to 70 Ma and in depth below seafloor from 0 to 9 m (Table 1) . Total sediment thickness ranges from 1 m (SPG-7) to 130 m (SPG-12) (determined from 3.5-kHz sonar and seismic reflection profiles). At the deepest water sites in the lowchlorophyll region of the SPG (sites SPG-1 to SPG-4 and SPG-9 to SPG-11), the cored sediment is homogeneous brown clay capped by a nearly continuous layer of manganese (Mn) nodules. Discrete horizons of Mn nodules or Mn crust also occur deeper in the cored sediment at SPG-1 and SPG-10. Silt and sand-sized Mn nodules and cosmic debris commonly occur within the brown clay, but fossils, except for scattered ichthyoliths, do not. The cored sediment at the shallowest sites (SPG-6 and SPG-7) is calcareous nannofossil-bearing clay. The sediment at SPG-5 is transitional between these 2 lithologies. Site SPG-12 lies outside the low-chlorophyll region, and its cored sediment is dominantly siliceous ooze with abundant diatom debris and sponge spicules.
Mean sedimentation rates are extremely low in the lowchlorophyll region of the SPG (17) ( Table 1) . In general, they are lowest at sites where the seafloor is below the calcite compensation depth [Ϸ4,500 m below sea level in this region (18) ] and sea-surface chlorophyll concentrations are below 0.1 mg chl/m 3 . Mean sedimentation rate is higher at our eastern-most sites, where water depth is shallowest (allowing carbonate sediment to accumulate), and at our western-most sites, where sea-surface chlorophyll content is above 0.1 mg chl/m 3 and the sites were south of the central gyre many tens of millions of years ago. The rate Author contributions: S.D., A.J.S., R.P., and T.G.F. designed research; S.D., A.J.S., R.P., T.G.F., J.P.F., J.K., L.J.A., D.C.S., D.G., F.H., H.S., and A.M.S. performed research; S.D., A.J.S., R.P., T.G.F., J.P.F., J.K., L.J.A., D.C.S., D.G., F.H., H.S., and A.M.S. analyzed data; and S.D. wrote the paper.
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Freely available online through the PNAS open access option. 1 To whom correspondence should be addressed. E-mail: dhondt@gso.uri.edu. is highest at SPG-12, just outside the central gyre, because of sedimentation of siliceous debris. Mean sedimentation rates within the SPG are among the lowest that occur at the Earth's surface. The highest SPG rates are, respectively, 1 and 2 orders of magnitude lower than rates at equatorial Pacific and Peru Margin sites, where subseafloor life has previously been studied (19, 20) . Organic carbon burial rates at the sediment surface in the brown clay-dominated sites of the low-chlorophyll region are also extremely low ( Table 1 ). The highest of these is more than 1 order of magnitude lower than organic carbon burial rates at sites where subseafloor sedimentary life has previously been studied [e.g., 4. Most of the buried organic matter is oxidized in the shallowest portion of the sediment column. Burial of total organic carbon (TOC) below 1.5 mbsf ranges from 4.4 ϫ 10 Ϫ10 to 8.2 ϫ 10 Ϫ9 mol C/cm 2 annually (Table 1) . TOC declines very little with increasing depth below the initial few tens of centimeters below seafloor (cmbsf); for example, at SPG-3, it declines from 0.52% at 3 cmbsf to 0.26% at 23 cmbsf and 0.17% at 1.47 mbsf but then declines more slowly to 0.09% at the base of the sediment column (5.17 mbsf). If the TOC burial rate has been relatively constant over the 70 million years of sedimentation at SPG-3, the relative constancy of TOC content at depths greater than a few centimeters below seafloor indicates that organic matter at those depths is so recalcitrant or inaccessible that almost none of it has been oxidized since passing through the near-surface zone in its initial few million years after burial.
Microbial Biomass. Despite the extraordinarily low rate of organic burial, microbes occur throughout the cored sediment columns (Fig. 2) , indicating that biomass persists in the sediment for at least 70 million years (compare Fig. 2 and Table 1 ). However, cell abundance is extremely low; the average counted concentration at each depth below the seafloor at SPG sites 1-11 is 3 to 4 orders of magnitude lower than the average of all previously explored subseafloor sediment populations at the same depths (Fig. 2) . Throughout much of the sediment column at these sites, cell concentrations are below the detection limit of standard counts in slurried sediment. Consequently, our counts are based on populations of cells separated from the sediment (21). Although n/a n/a n/a n/a SPG-9 n/a, not applicable; n.d., not determined. counts of separated cells may slightly underestimate total cell concentrations, there are not significant differences between the results of the 2 techniques at SPG-12, where cell counts are typically above the detection limit of the standard technique. If the counts of separated cells underestimate total cell concentration by 10-30% (21), the effect is not significant on the orders-of-magnitude scale that distinguishes the SPG counts from counts of subseafloor populations in other regions (Fig. 2 ).
Chemical Evidence of Microbial Activity. Porewater chemistry indicates that O 2 is reduced and organic matter is oxidized within the sediment at all the cored sites. At the sites within the lowchlorophyll portion of the SPG, dissolved O 2 is the principal electron acceptor. It is present throughout the cored sediment columns. Its concentration decreases by tens of micromoles per liter within the initial few tens of centimeters below seafloor and then declines much more slowly with greater depth (Fig. 3 Left).
In contrast to O 2 , NO 3 Ϫ increases slightly (by a few micromoles per liter at SPG-1 to SPG-4 and at SPG-10 to SPG-11) or exhibits no clear change (at SPG-5 to SPG-9) with depth ( Fig. 3 Alkalinity increases very slightly with depth at 5 sites in the low-chlorophyll region (SPG-2, SPG-4, SPG-7, SPG-9, and SPG-10) and exhibits no clear trend with depth at the remaining 5 sites in this region (SPG-1, SPG-3, SPG-5, SPG-6, and SPG-11). Alkalinity increases much more strongly with depth at SPG-12 than at any of the sites in the low-chlorophyll region. Alkalinity can be increased by oxic respiration because the carbon dioxide produced will dissolve carbonate if it is present. Nitrate reduction also produces alkalinity.
We calculated fluxes of O 2 downward into the subseafloor ecosystem and NO 3 Ϫ upward at all the sites within the central gyre where the dissolved chemical profiles are stable enough that fluxes can be calculated (Table 1) . For these calculations, we followed the convention of previous studies by defining the subseafloor ecosystem as beginning at 1.5 mbsf (3, 13) . At steady state, these fluxes are nearly equal to the net rate of O 2 reduction and the net rate of NO 3 Ϫ production by the entire subseafloor sedimentary ecosystem below 1.5 mbsf at each site (these fluxes are not exactly equal to the net subseafloor sedimentary reaction rates because they do not account for fluxes across the sediment/basement interface). The upward NO 3 Ϫ flux cannot be calculated (i) at SPG-4 and SPG-6 because no clear trend occurs in their dissolved NO 3 Ϫ concentration profiles or (ii) at SPG-5 because its dissolved NO 3 Ϫ concentration decreases with depth.
These O 2 fluxes demonstrate that an active microbial community is present in the subseafloor at these sites, despite the very low concentrations of chlorophyll in the overlying ocean and the extraordinarily low rate of organic matter input. The NO 3 Ϫ production rates at SPG-1 to SPG-3 and SPG-9 to SPG-11 indicate that this activity is partly fueled by oxidation of nitrogen from buried organic matter.
Just outside the central gyre at SPG-12, dissolved O 2 disappears well above 1.5 mbsf and the subseafloor ecosystem is characterized by net reduction of NO 3 Ϫ rather than net production. The downward flux of NO 3 Ϫ past 1.5 mbsf is 2.6 ϫ 10 Ϫ8 mol/cm 2 annually. Because NO 3 Ϫ disappears before 2.5 mbsf at SPG-12, this flux fuels respiration for only the shallowest fraction of the subseafloor community at this site.
Radiolytic H2 Production. H 2 is naturally produced by radiolysis of water in any environment where water is bombarded by ␣-, ␤-, and ␥-radiation produced during radioactive decay. Radiolytic H 2 has been identified as a significant electron donor in deep continental aquifers where organic products of photosynthesis are largely absent (23) . It may also be a significant electron donor in marine sediment where organic matter is scarce. Radiolytic H 2 production is particularly efficient in deep-sea clays because all the ␣ particles produced in the clay escape from the clay grains and travel through water before being stopped (24) . We estimate that the radiolytic production of dissolved H 2 at these sites is 1 ϫ 10 Ϫ12 mol/cm 3 sediment per year (at SPG-1 to SPG-6) to 1.2 ϫ 10 Ϫ12 mol/cm 3 sediment per year (at SPG-9 to SPG-11). Total H 2 production by this process varies from site to site with thickness of the sediment column; it ranges from 1.6 ϫ 10 Ϫ8 mol H 2 /cm 2 annually at SPG-11 to 8.0 ϫ 10 Ϫ10 mol H 2 /cm 2 annually at SPG-3 (Table 1) . To assess potential microbial use of radiolytic H 2 , we calculated the H 2 concentrations that would be expected if H 2 were not consumed in the sediment column. For these calculations, we considered 2 cases: first, assuming there is a sink for H 2 in the underlying basalt and, second, assuming the basalt is impermeable to H 2 . These 2 cases bracket the range of possibilities for the bottom boundary condition. H 2 production, diffusivity, porosity, and tortuosity were assumed to be constant with depth. If radiolytic H 2 is not consumed, its peak concentration scales with the square of the thickness of the sediment column. Sites SPG-1 and SPG-3 provide examples of the predicted H 2 concentrations. For SPG-1, predicted peak concentration at the base of the cored section (7.81 mbsf) is between 25 and 26 M. For SPG-3, 5.5 m in length, predicted peak concentration is between 0.32 and 0.64 M.
Measured H 2 concentrations are consistently far below these calculated values. No H 2 was detected in any of the 154 samples from sites SPG-1 through SPG-11, except for a single sample at SPG-10 (the detection limit ranged from 2-229 nM). The scarcity of H 2 at all sites indicates that radiolytic H 2 is removed as quickly as it is generated, as expected from in situ microbial utilization.
Discussion
An Aerobic Subseafloor Ecosystem. In electron (oxidation/reduction) equivalents, O 2 fluxes down past 1.5 mbsf in the SPG are nearly equal to the rates at which organic carbon is buried below 1.5 mbsf (Table 2 ). However, the O 2 flux slightly exceeds this organic carbon burial rate (by a factor of 2-10) at all but 2 of the sites (Table 2) . This difference is exacerbated by the evidence from SPG-3 that most of the organic matter below 1.5 mbsf does not get oxidized, even on time scales of many tens of millions of years.
The difference between the O 2 flux and the TOC burial rate at these sites has several possible explanations: (i) a significant fraction of the O 2 may be diffusing through the sediment to the underlying basalt, (ii) the burial rate of organic carbon may have been slightly higher in the very distant past (tens of millions of years ago) than in the past several million years, or (iii) some of the O 2 flux oxidizes inorganic chemicals (e.g., reduced iron) in the sediment.
The initial explanation likely applies at most, perhaps all, of the sites from SPG-1 to SPG-11, because dissolved O 2 concentrations decline very slightly with sediment depth and extrapolations of the concentration profiles predict O 2 to be present throughout the entire sediment column at most or all of the sites (25) . This explanation is also consistent with estimates of O 2 reduction derived from rates of subseafloor NO 3 Ϫ production ( Table 2 ). These estimates assume that the carbon/nitrogen (C/N) ratio of buried organic matter approximates the Redfield ratio: 106:16. Estimated in this manner, the average organic-fueled O 2 reduction rate in the subseafloor sediment of our SPG sites is only about 20% of the average downward O 2 flux at the SPG sites and less than half of the average rate of TOC burial below 1.5 mbsf.
The inference that porewater is oxic throughout the sediment column in most of the SPG has 2 major implications. First, this subseafloor sedimentary community is predominantly aerobic, unlike previously explored deep subseafloor communities. Second, the flux of O 2 through the sediment may sustain aerobic life in the underlying basalt, which ranges in age to more than 100 Ma.
These relatively short geochemical profiles do not allow us to quantify precisely how much of the O 2 flux is going to sustain microbial respiration in the sediment and how much is going to oxidize the underlying basalt. Precise separation of these 2 rates requires drilling of the entire sediment column at several sites to determine the rate at which dissolved O 2 migrates from the sediment to the basalt.
Relation to Oceanographic Properties. Even if most of the O 2 flux is used to sustain respiration within the sediment at most of the SPG sites, subseafloor sedimentary rates of net respiration are much lower in this region than at all previously explored sites. In electron equivalents, the average O 2 flux into the subseafloor ecosystem at the SPG sites (3.7 ϫ 10 Ϫ8 mol e-/cm 2 annually) corresponds to a net respiration rate that is a factor of 5.4 lower than the rate of organic-fueled subseafloor respiration in the lowest activity site previously explored (Peru Basin ODP Site 1231 on the eastern edge of the SPG) and a factor of 550 less than the rate at the highest respiration site previously explored (Peru Margin ODP Site 1230) [Site 1230 and 1231 rates were taken from the work of D'Hondt et al. (3)]. These differences between sites are even greater when O 2 reduction is estimated from the rate of subseafloor NO 3 Ϫ production (Table 2) ; calculated in this manner, the mean organic-fueled O 2 reduction in the subseafloor sediment of our SPG sites (7 ϫ 10 Ϫ9 mol e-/cm 2 annually) is a factor of 28 lower than the rate of organic-fueled respiration at ODP Site 1231 and a factor of 2,910 lower than the rate of organic-fueled respiration at Site 1230. Subseafloor cell abundance is also much lower (by 3 to 4 orders of magnitude on average) in the central SPG than at all previously studied sites (Fig. 2) .
These very low cell concentrations and net respiration rates mirror basic oceanographic properties of the SPG. Sea-surface chlorophyll concentrations, organic carbon burial rate, and sediment accumulation rate are all extremely low throughout the region. Sea-surface chlorophyll and productivity are low because the region is far from coastal and other regions of strong upwelling. Organic carbon burial rate is low because sea-surface chlorophyll, biological productivity, and sediment accumulation rates are low. n/a n.d.
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Sedimentation rate is low because (i) the low productivity results in a very low production rate of biogenic debris; (ii) the great distance from shore leads to very low sediment transport from land; and (iii) throughout much of the region, the seafloor is below the carbonate compensation depth, and biogenic carbonate consequently dissolves in the water column and at the seafloor.
Potential Reliance on Radiolytic H2 Production. Our calculations indicate that generation of H 2 by radiolysis of the interstitial water is a significant electron donor source for this community. In electron equivalents, we estimate the rate of H 2 production by water radiolysis at sites SPG-1, SPG-2, SPG-3, SPG-10, and SPG-11 to approach or exceed the rate of organic carbon burial below 1.5 mbsf (Table 2 ). This equivalence implies that radiolysis of water provides roughly half of the electron donors used by the subseafloor sedimentary community at these sites and buried organic matter provides the other half, if all the organic matter is completely used. If less of the organic matter is used, as indicated by the constancy of TOC concentration with depth at SPG-3, radiolytic H 2 is the principal electron donor. Although microbial oxidation of this H 2 increases gross respiration in this ecosystem, it does not contribute to the net respiration calculated from downward O 2 fluxes because the release of O 2 by water radiolysis nearly stoichiometrically balances the O 2 used to oxidize the H 2 (
H 2 from water radiolysis may be the principal electron donor in this sediment at depths greater than a few meters to a few tens of meters. Buried organic matter is probably the dominant food in the shallowest sediment because it tends to be oxidized at highest rates in shallow sediment and at successively lower rates in deeper (and older) sediment, where only the most recalcitrant or biologically inaccessible organic matter remains. In contrast, radiolytic H 2 production will be nearly constant throughout the sediment column if porosity, grain size, and concentrations of radioactive elements remain constant as our estimates assume; consequently, as organic oxidation declines with increasing depth below the seafloor in SPG sediment, H 2 from water radiolysis is likely to become the dominant food source. Recovery of the entire sediment column will ultimately be required to (i) quantify the respective roles of buried organic matter and radiolytic H 2 at each depth in the sediment column at each site and (ii) test if H 2 from water radiolysis is the dominant electron donor at depth in SPG sediment.
Respiration per Cell. Organic-fueled respiration per cell can be independently estimated from O 2 fluxes, NO 3 Ϫ fluxes, and organic carbon burial rates at 1.5 mbsf ( Table 2 ). The first approach assumes that all the downward O 2 flux is used for oxidation of organic matter in the sediment. The second approach assumes that a Redfield C/N ratio (106:16) can be used to calculate the rate of organic oxidation from the rate of NO 3 Ϫ production (NO 3 Ϫ flux upward). The third approach assumes that the organic carbon burial rate has been constant over time. These approaches are subject to different uncertainties. The O 2 -based rates are overestimates to the extent that O 2 migrates through the sediment to the underlying basalt. Uncertainties in estimates from NO 3 Ϫ fluxes may result from (i) NO 3 Ϫ produced in the sediment diffusing to the underlying basement (as well as to the overlying ocean) and (ii) C/N ratios of buried organic matter differing from the Redfield ratio if organic nitrogen is oxidized faster than organic carbon. Estimates from organic burial rates may be overestimates because they assume that all organic matter is eventually oxidized.
Potential gross respiration per cell can be estimated by adding any of the above estimates to the in situ rate of radiolytic H 2 production per cell (Table 2 ). With any of these approaches (O 2 flux, NO 3 Ϫ flux, or organic burial rate), gross respiration per cell is above rates necessary to counter aspartic acid racemization and DNA depurination (26) .
Respiration per cell appears to be much higher in the oxic SPG sediment than in previously explored anoxic sediment; in electron equivalents, respiration per cell in the anoxic sediment of ODP Leg 201 ranges between 1 ϫ 10 Ϫ17 and 5 ϫ 10 Ϫ17 mol e-/cell annually [calculated from fluxes and cell counts of ODP Sites 1226, 1227, 1230, and 1231 (3, 27) ]. This result is consistent with the calculation that the energy requirement for biomass synthesis by aerobes is more than 10 times the requirement for biomass synthesis by anaerobes (28) .
Global Implications. These results have direct implications for global patterns of biomass and activity in subseafloor sediment. Several oceanographic properties are at their extreme in the center of the SPG (e.g., sea-surface chlorophyll concentration, distance from continents). The subseafloor sedimentary community of the central SPG is likely to define the low-biomass low-activity end-member for global distributions of subseafloor biomass and respiration. However, the other major ocean gyres resemble the SPG more closely than they resemble the regions where subseafloor life was previously explored. For example, sea-surface chlorophyll concentrations are below 0.14 mg chl/m 3 in all the major ocean gyres (Fig. 1 ). Consequently, rates of organic-fueled respiration, cell concentrations, and metabolic reliance on radiolytic H 2 in subseafloor sediment throughout almost half (48%) of the world ocean may approach the end-member values in SPG sediment.
Materials and Methods
TOC Content, Sedimentation Rate, and Burial Rates. TOC was measured at the University of Rhode Island using the technique of Verardo et al. (29) and a Costech ECS 4010 elemental analyzer. For sites SPG-2 to SPG-12, mean sedimentation rates were calculated from crust age and sediment thickness. For SPG-1, mean sedimentation rate was calculated from the 20.1 mbsf depth of the 65-Ma Cretaceous/Paleogene iridium anomaly at DSDP Site 596 (30) . Organic carbon burial rates were calculated from TOC content and mean sedimentation rate and adjusted for porosity and wet bulk density. Surface burial of organic carbon is based on TOC content of 0 -5 cmbsf at sites SPG-1 to SPG-11 and 10 -15 cmbsf at site SPG-12. Burial of organic carbon at 150 cmbsf is based on TOC content of samples taken close to 150 cmbsf (between 143 and 167 cmbsf).
Sediment Physical Properties.
Wet bulk density, grain density, and porosity were measured on discrete samples using the approach of Blum (31) . Vertical conductivity measurements were performed shipboard with a Brinkmann/Metrohm Conductometer every 5 cm on cores throughout the cored sediment columns. The conductivity probe consisted of two 2-mm-diameter platinum electrodes set 1 cm apart in a plastic block.
Cell Counts. At each site, 12-25 sediment samples were taken for shipboard cell counts. Cells were separated from the sediment and counted using the technique of Kallmeyer et al. (21) . At every site, a blank sample was processed by treating 500 L of 0.2-m-filtered NaCl solution like a sediment sample through the entire process of cell extraction and counting. Because absolute cell concentrations may not be accurately calculated from regression lines through log-transformed data (Fig. 2) , average cell counts were calculated from nontransformed data. We used data from Parkes et al. (2) and D'Hondt et al. (19) to calculate average concentrations for previously explored communities.
Dissolved Chemical Concentrations. Interstitial waters were extracted from 5-cmlong whole rounds of cores using a Manheim-type hydraulic sediment press. Alkalinity titrations were run on a Metrohm 809 Titrando with a Metrohm pH microelectrode, following the method of Gieskes et al. (32) . Based on duplicate analyses of a control sample, precision is 0.5%.
Sulfate concentration was quantified with a Metrohm 861 Advanced Compact IC comprising an 853 CO 2 suppressor, a thermal conductivity detector, a 150-ϫ 4.0-mm Metrosep A SUPP 5 150 column, and a 20-L sample loop. A Metrohm 837 IC Eluent/Sample Degasser was coupled to the system. Based on duplicates, the 95% confidence limit is 0.25%.
Nitrate concentrations were analyzed with a Metrohm 844 UV/Vis Compact IC with a 150-ϫ 4.0-mm Metrosep A SUPP 8 150 column. The pooled SD of duplicates is 0.3%.
Ex situ dissolved O 2 measurements were performed on thermally equilibrated intact whole rounds of cores. At SPG-1 and SPG-2, both custom-made microelectrodes (33) and optodes (34) were used. The optodes, connected to a Microsensor Oxygen Meter Microx TX3 (Presens GmbH), were more stable and were used for measurement at all other sites. Dissolved O 2 concentration was determined by inserting a probe radially into the center of the core. Model calculations and radial profiles showed that the O 2 concentration in the core center of the core was not affected by ambient air on the time scales of our analyses.
For dissolved H 2 analyses, samples were collected with sterile 3-mL cutoff syringes. The sample was then extruded directly into a vial, which was immediately filled completely with distilled H 2O. A headspace was then created by injecting H 2-free gas (500 L) through the septum while allowing an equal volume of water to escape. The H 2 was then given time to diffuse out of the interstitial water (Ͼ24 h). Three hundred microliters of the headspace gas was removed and injected into a reduced gas analyzer (Trace Analytic ta3000). The instrument was calibrated with a 100.6-ppm H 2 standard (Scott Specialty Gases). Blanks were prepared by using vials with distilled H 2O and the H2-free headspace. The average detection limit was 67 nM H 2 (range: 2-229 nM). At SPG-1, the headspace gas was laboratory air. Because these blanks contained too much H 2 relative to the samples, we modified the procedure for the remaining sites by using bypass gas [carrier gas (N 2) that has passed over the mercury bed to remove traces of H2] for the headspace.
Chemical calculations. Dissolved chemical fluxes were calculated using Fick's law, F ϭ ͑D/f͒ * ͑dC/dx͒, where dC/dx is the gradient of the dissolved chemical concentration profile at 1.5 mbsf, D is the diffusion coefficient for the chemical in free solution, and f is the formation factor (measured as the ratio of the conductivity of seawater to the conductivity of the saturated core). Diffusion coefficients are taken from the method of Schulz (35) and corrected for a temperature of 1.5°C [bottom water temperature in this region (36) ].
Our electron transport estimates make the following assumptions. Four electrons are accepted by reducing a molecule of O2, and 5 are accepted during reduction of NO3 Ϫ to N2. Eight electrons are donated by oxidizing a molecule of organic nitrogen (NH3 ϩ ) to NO3 Ϫ , and 2 are donated by oxidizing an H2 molecule to H2O. Because organic matter is a mix of molecules with carbon in different redox states, the number of electrons donated by oxidizing organic carbon is intermediate between the molecules with the most extreme redox states; because the extreme redox states of organic carbon are carbohydrates [C (0)] and lipids [C (ϪII)], we assume that 5 electrons are donated by oxidation of each organic carbon molecule.
H2 yields from water radiolysis were calculated as described by Blair et al (24) . These calculations use the H2 yields of Spinks and Woods (37) ; decay data from Ekströ m and Firestone (38) ; and the stopping power ratios of Aitken (39) for ␣-, ␤-, and ␥-radiation. Potassium-40 abundance was calculated from total potassium according to the method of Wedepohl (40) . The average 238 U, 232 Th, and 40 K concentrations for SPG-1 to SPG-11 were assumed to be equal to the average 238 U, 232 Th, and 40 K concentrations for DSDP Site 595A (SPG-1) [U ϭ 12.2 ppm (n ϭ 9) and Th ϭ 2.9 ppm (n ϭ 9) (41), K ϭ 1.56 wt% (n ϭ 15) (42)]. The average porosity and grain density for SPG-1 to SPG-6 were assumed to be equal to the average measured porosity (82%) and grain density (2.41 g/cm 3 ) for SPG-1 (n ϭ 27). The average porosity and grain density for SPG-9 to SPG-11 were assumed to be equal to the average measured porosity (76%) and grain density 2.43 g/cm 3 ) for SPG-9 (n ϭ 18).
The H2 concentrations that would be expected from radiolytic H2 production if there were no in situ H2 utilization were calculated from these radiolytic H2 yields, by analytical solution of the continuity equation, using the same porosity as in the H2 yield calculations, formation factor, and an H2 diffusion coefficient corrected for 1.5°C.
